Acute cauda equina syndrome is known as a symptom of lumbar disc herniation, but to date, there have been no reports of cases caused by lumbar vertebral ligament ossification. We encountered a 61-year-old female patient with acute cauda equina syndrome associated with lumbar vertebral OPLL and OLF. The symptoms were improved by emergency laminectomy. One year after the surgery, the disturbances of gait and urination have been resolved.
Introduction
In cases of ossification of the posterior longitudinal ligament (OPLL), lumbar cases occur less frequently than cervical or thoracic cases, and it is considered that neurologic manifestations of lumbar OPLL do not occur readily, due to specific anatomical characteristics. We encountered a rare case of acute cauda equina syndrome (CES) associated with OPLL and ossification of the yellow ligament (OYL) in the lumbar region.
Case Presentation: A 61-Year-Old Woman
Chief complaints: Numbness of the bilateral lower limbs and dysuria. * Corresponding author.
History of present illness: Right lower limb pain developed without apparent cause. It gradually progressed to numbness of the bilateral lower limbs and burning sensation of the perineal region and resulted in dysbasia. The patient then visited a physician.
She was treated with drip infusion of adrenocortical steroid, but the symptoms did not improve, and urinary retention developed. Thus, she was referred to our hospital on the next day. Acute cauda equina syndrome was suspected, and the patient was urgently admitted for surgery.
Past medical history: Hypertension and dyslipidemia Status on admission: Height: 153 cm; body weight: 93 kg; and BMI: 40; showing marked obesity. Straight leg raising and femoral nerve stretch tests were negative bilaterally, and MMT was reduced (right EHL and FHL: 4). Regarding sensation, hypaesthesia was noted in the regions innervated by the left L5 nerve root and in the perineal area. Both urination and defecation were disturbed, and 600 ml of residual urine was drained upon urine drainage.
Blood test: HbA1c, 5.6%; insulin, 32.4 μIU/ml; C-peptide, 4.99 ng/ml; GH, 0.14 ng/ml; IGF-1 50 ng/ml. Physiological function test: R-ABI, 1.11; L-ABI, 1.07; R-TBI, 0.44; L-TBI, 0.56. Imaging findings: On plain X-ray radiography of the lumbar spine, OPLL (white arrows) and OYL (black arrows) were noted at the L1/2, 2/3, 3/4, and 4/5 intervertebral disc levels. Ossification of the anterior longitudinal ligament (OALL) was also noted at the Th12/L1, L1/2, 2/3, 3/4, and 4/5 intervertebral levels (Figure 1) .
Plain CT of the lumbar spine demonstrated mixed-type OPLL from the L1 to L5 level. In addition, OYL accompanied by OALL was noted at each intervertebral level. The spinal canal was severely narrowed by OPLL and OYL at the L3/4 and 4/5 intervertebral levels ( Figure 2) .
MRI of the lumbar spine demonstrated ossified lesions showing a low intensity on T1-and T2-weight imaging on the posterior surface of the L1-L5 vertebrae. These lesions excluded the dural canal and caused severe spinal canal stenosis at the L3/4 and 4/5 intervertebral levels (Figure 3) .
Based on the above findings, the patient was diagnosed with acute cauda equina syndrome caused by lumbar OPLL and OYL, and emergency surgery was performed on the same day.
Surgical findings: L3, 4, and 5 laminectomy was performed. The stenosis at L3/4 and L4/5 was severe, OYL at L4/5 adhered to the dura mater, and the dura mater was partially ossified. The OYL at the L2/3, 3/4, 4/5, 5/S intervertebral levels were excised, and sufficient decompression was achieved from the L2/3 to L5/S region.
On postoperative imaging, the dural canal compression at the L2/3, 3/4, and 4/5 levels improved, showing favorable decompression (Figure 4) . Postoperative course: The numbness of the perineal region and lower limb improved on the day after the surgery. At one week after the surgery, the muscle weakness of the lower limbs was improved and patient became able to walk. At 2 weeks, she was able to urinate and defecate. On the final follow-up at 12 months after surgery, there was no gait disturbance, and only mild hypaesthesia of the perineal region and numbness around the bilateral ankle joints were noted.
Discussion
In general, the incidence of OPLL is lower in the lumbar than in the cervical spine.
Since there is sufficient room in the spinal canal and intervertebral foramen in the lumbar vertebral region, neurologic symptoms do not readily manifest, even when the posterior longitudinal ligament is ossified in the spinal canal, and severe stenosis must occur for the development of symptoms from the lower lumbar region compared with the upper lumbar region [1] .
As generally represented by lumbar disc herniation, CES develops when a space-occupying lesion appears rapidly in the spinal canal, and the symptoms include severe lumbago, sciatica, saddle anesthesia, urinary incontinence, and muscle weakness and sensory disturbance of the lower limbs [2] [3] .
OPLL/OYL-induced spinal canal stenosis is considered to progress slowly, and it is unlikely that CES is caused by OPLL-or OYL-induced spinal canal stenosis alone.
To our knowledge, there has been no reported case of OPLL/OYL-induced CES in Japan. We considered the developmental mechanism of lumbar vertebral OPLL/OYL-induced CES in this patient as follows:
Severe spinal canal stenosis was caused by OPLL and OYL was noted at the L3/4 and 4/5 levels in this patient, suggesting that the CES arose from these levels. Accordingly, it was assumed that another factor, in addition to severe stenosis, was involved in the development of CES. We considered that, in this patient, instability and peripheral arterial occlusive disease (PAD) in discontinuous intervertebral regions associated with diffuse idiopathic skeletal hyperostosis (DISH) were involved in the pathological development of the symptoms.
DISH was first reported as ankylosing spinal hyperostosis by Forestier et al. [4] , and subsequently described as DISH by Resnick et al. [5] . The incidence is high in men aged 50 years or older, with normal intervertebral discs, and the disease is not typically accompanied by ossification of the sacroiliac joint and joints of the four limbs. Risk factors for DISH include type 2 diabetes [6] - [8] , hyperuricemia [6] - [8] , dyslipidemia [6] , and high BMI [9] , and it has been reported that serum insulin [9] - [11] , GH [9] , and IGF-1 levels [9] are significantly higher in DISH patients. These risk factors were mostly present in this patient.
Discontinuous and fragile regions of ossified spinal lesions have occasionally been reported to lead to spinal cord injury and neuropathy [12] - [15] . In our patient, OALL continuous from Th12 was discontinuous at L2/3, L3/4, and 4/5, and OPLL was also discontinuous at the L3/4 level. In addition, a vacuum phenomenon was noted in the L3/4 intervertebral disc, suggesting that intervertebral instability was present in these regions due to discontinuous DISH and OPLL and was involved in the development of CES.
Moreover, TBI was reduced on both sides in this patient, despite a normal ABI, suggesting the presence of peripheral arterial occlusive lesions [16] . Although the influence of peripheral arterial occlusive lesions on the circulatory dynamics in the cauda equine nerve can only be assumed, resistance of the cauda equine nerve to compression may have been weak due to reduced blood flow in the nerve.
It was suggested that OPLL-and OYL-induced severe stenosis of the spinal canal was combined with intervertebral instability and peripheral arterial occlusive lesions and caused CES, which occurs rarely due to lumbar vertebral ligament ossification.
A further study is expected about causation of ligament ossification and hyperinsulinemia in future.
